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METHOD AND DEVICE FOR SHUTTING DOWN A DRIVE WITH A 
MATRIX CONVERTER DURING A POWER OUTAGE 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application is a continuation of prior filed copending 
PCT International application no. PCT/DE02/02508, fried July 8, 2002, which 
designated the United States and on which priority is claimed under 
35 U.S.C. §120, the disclosure of which is hereby incorporated by reference. 

[0002] This application claims the priority of German Patent Application, 
Serial No. 101 35 337.5, filed July 19, 2002, pursuant to 35 U.S.C. 1 19(a)-(d), the 
disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to a method for shutting down a drive 
connected to a matrix converter during a power outage and a device for carrying 
out the method. 

[0004] It is desirable in many drive applications, such as lifting devices, to 
shut down the drive(s) during a power outage in an orderly and reliable manner. 
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With drives having a voltage intermediate circuit converter, it is sufficient to install 
in the voltage intermediate circuit a suitably sized pulsed resistor which is 
connected electrically in parallel with the intermediate circuit capacitor. This 
pulsed resistor includes a series connection of a turn-off semiconductor switch 
and a resistor. Depending on the braking power of the motor, the average 
voltage of the resistor is regulated by controllably pulsing the turn-off 
semiconductor switch so that the power dissipated in the resistor corresponds to 
the instantaneous braking power of the motor. 

[0005] Other converter topologies exist beside the "voltage intermediate 
circuit" converter topology, for example, the "matrix converter" converter 
topology. A matrix converter of this type is connected to the power line via an 
optional power line or electromagnetic compatibility filter. This power line filter is 
implemented, for example, by employing line chokes and commutations^ 
capacitors connected to the input terminals of the matrix converter. The 
commutation capacitors which can be connected in a Delta or Star configuration, 
are essential for the operation of the matrix converter. However, the chokes in 
the power lines may optionally be omitted. 

[0006] Since the matrix converter does not include a voltage intermediate 
circuit, a conventional pulsed resistor can no longer be used for shutting down a 
drive when employing a matrix converter. Since certain drive applications require 
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a safe shutdown, matrix converters cannot be used with th se drive applications 
for powering the motors. Accordingly, these particular drive applications cannot 
employ the converter topology "matrix converter." 

[0007] It would therefore be desirable and advantageous to provide an 
improved device for shutting down a drive during a power outage, which obviates 
prior art shortcomings and is able to specifically operate with a conventional 
matrix converter. 

SUMMARY OF THE INVENTION 

[0008] A prerequisite for the method of the invention is a controllable 
isolation point, such as a fast switch, located between the power line and the 
inputs of the matrix converter. This isolation point must provide an immediate 
disconnect during a determined power outage, so that the matrix converter can 
continue to operate. 

[0009] According to one aspect of the invention, a method for shutting 
down a drive employing a matrix converter during a power outage is disclosed, 
wherein the matrix converter includes a plurality of power input side commutation 
capacitors, a power input side switching unit, and a resistor unit. The method 
includes the steps of immediately opening the power input side switching unit to 
disconnect the matrix converter from the power line in the event of a detected 
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power outage, connecting the resistor unit to input terminals of the matrix 
converter in such a way that an amplitude of a voltage applied to the resistor unit 
is equal to an amplitude of a measured actual capacitor voltage space vector of 
the plurality of power input side commutation capacitors, and regulating a 
nominal rotation speed value of the drive towards zero. 

[0010] AccordingTthe another aspect of the invention, the method includes 
the steps of immediately opening the power input side switching unit to 
disconnect the matrix converter from the power line in the event of a detected 
power outage, and controlling the matrix converter in braking mode in such a way 
that an amplitude of a voltage across the resistor unit is maximized. 

[0011] When using the method according to the invention, the braking 
energy of the motor powered by the matrix converter can be converted into heat 
in a resistor unit, much like in a voltage intermediate circuit converter. An 
average voltage applied to the resistor unit is regulated so that the power 
dissipated in the resistor unit corresponds to the instantaneous braking power of 
the motor. The resistor unit includes at least one turn-off semiconductor switch 
for adjusting the voltage of the resistor unit. The method of the invention can 
associate the conventional pulsed resistor with the matrix converter. 

[0012] According to yet another aspect of the invention, a device for 
shutting down a drive employing a matrix converter with a plurality of power input 
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side commutation capacitors, a power input side switching unit, and a resistor 
unit during a power outage, includes a device for measuring an actual capacitor 
voltage space vector, a device for measuring an actual power line voltage space 
vector, a voltage control circuit, a switch, a power line voltage monitoring device, 
and a sequence controller. An input of the voltage control circuit is connected 
with an amplitude output of the device for measuring the actual capacitor voltage 
space vector and with an amplitude output of the device for measuring the actual 
power line voltage space vector. An output of the voltage control circuit is 
connected with a control input of the resistor unit, and an input of the sequence 
controller is connected with the power line voltage monitoring device. An input of 
the power line voltage monitoring device is connected with an amplitude output of 
the device for measuring the actual power line voltage space vector, and an 
output of the power line voltage monitoring device is connected with a control 
input of the switch and with a control input of the power input side switching unit. 
The output of the switch is connected via a ramp generator with an input that 
rece j ves a nominal value of a rotation speed control circuit of a controller of the 
matrix converter. 

[0013] According to still another aspect of the invention, the 
aforementioned device includes two switches instead of a single switch and a 
device for measuring an actual power line current space vector. The input of the 
voltage control circuit is connected to an amplitude output of the device for 
measuring the actual capacitor voltage space vector and with an amplitude 
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output of the device for measuring the actual power line voltage space vector. 
The output of the voltage control circuit is connected via the second switch with a 
control input of a control unit of a controller of the matrix converter, wherein an 
output of the first switch is connected via a ramp generator with an input for 
providing a nominal value of a rotation speed control circuit of the controller of 
the matrix converter. An input of the sequence controller is connected with the 
power line voltage monitoring device, wherein an input of the power line voltage 
monitoring device is connected with an amplitude output of the device for 
measuring the actual power line voltage space vector. An output of the sequence 
controller is connected with a corresponding control input of the first and second 
switches. 

[0014] The device for measuring the actual capacitor voltage space vector, 
the device for measuring the actual power line voltage space vector, and the 
device for measuring the actual power line current space vector are required for 
measuring the state of the power line and of the matrix converter. The device for 
measuring the actual power line voltage space vector is required only for 
initiating the braking mode. The voltage control circuit with the add-on resistor 
unit, the power input side switching unit, the switch(es) and the sequence 
controller are the only additional elements of the device. 

[001 S] The invention is also directed to a controller for a matrix converter 
incorporating the aforedescribed devices. The device can be a signal processor. 
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[0016] Advantageous embodiments may include one or more of the 
following features. The amplitude of the voltage across the resistor unit can be 
adjusted by rotating a measured actual capacitor voltage space vector. Two 
orthogonal voltage components of an actual capacitor voltage space vector can 
be formed from capacitor voltages measured across the plurality of power input 
side commutation capacitors, and an amplitude and phase angle of the actual 
capacitor voltage space vector can be determined from a smoothed phase angle 
of the actual capacitor voltage space vector. The phase angle can be smoothed 
based on a nominal value of a power line frequency. Alternatively, two 
orthogonal voltage components of an actual power line voltage space vector can 
be formed from measured phase voltages, the orthogonal voltage components 
can then be transformed into polar components having an amplitude and phase 
angle, and the amplitude of the actual power line voltage space vector can be 
compared with a nominal amplitude value and a switch from normal mode to 
braking mode can be initiated based on a detected deviation. The phase angle 
of the actual power line voltage space vector can be smoothed using a nominal 
value of the power line frequency. 

[0017] In addition, the amplitude of the actual capacitor voltage space 
vector can be compared with an amplitude of the actual power line voltage space 
vector to determine a deviation, and the resistor unit can be pulsed so that the 
deviation becomes zero. 
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[0018] Two orthogonal voltage components of an actual capacitor voltage 

space vector can be formed from capacitor voltages measured across the 
plurality of power input side commutation capacitors. The orthogonal voltage 
components are then transformed into polar components, and the amplitude of 
the actual capacitor voltage space vector is compared with a nominal amplitude 
value to determine a deviation. The actual capacitor voltage space vector is then 
rotated so that the deviation becomes zero. 

[0019] The resistor in the resistor unit need not be pulsed, but can be 
fixedly connected between two phases by implementing the resistor unit as a 
series connection of a resistor and a contactor, whereby the terminals of the 
resistor unit are connected between two phases of the matrix converter. The 
input voltage of the matrix converter in braking mode is then a DC voltage and 
hence does not have the power line frequency. The DC voltage across the 
resistor is adjusted via the phase angle of the input voltage of the matrix 
converter. The input voltage is rotated by controlling the reactive current on the 
input side of the matrix converter. 

[0020] With the proposed method, the matrix converter itself is used to 
adjust the voltage of the resistor unit, thereby obviating the need for additional 
turn-off semiconductor switches. The control unit of the matrix converter 
therefore requires only minimal modifications, and the resistor unit has only a 
single resistor which is connected between two input phases of the matrix 
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converter by a simple contactor. 

[0021] According to another advantageous feature of the device, the 
resistor unit comprises a series connection formed of a turn-off semiconductor 
switch and a resistor and having two terminals. The device further includes a 
plurality of diodes of which a first subset is connected with a first polarity between 
one terminal of the series connection and respective phase lines of the matrix 
converter, and a second subset is connected with an opposite polarity between 
the other terminal of the series connection and the respective phase lines of the 
matrix converter. Alternatively, the resistor unit can have three resistors, a turn- 
off semiconductor switch and a plurality of diodes. Each of the resistors is 
connected, on one hand, with a corresponding phase line of the matrix converter 
and, on the other hand, via a diode of a first polarity to a first terminal of the turn- 
off semiconductor switch, and via another diode of a second polarity to a second 
terminal of the turn-off semiconductor switch. The resistor unit can also be 
implemented as a series connection of a resistor and a contactor. 

[0022] The device for measuring the actual capacitor voltage space vector 
can include a coordinate transformer with a vector rotator connected 
downstream. The device for measuring the actual power line voltage space 
vector can include two coordinate converters connected in series. A smoothing 
device may be connected downstream of the amplitude output of the device for 
measuring the actual capacitor voltage space vector. A vector phase control 
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circuit can be connected downstream of the phase angl output of the device for 
measuring the actual power line voltage space vector. 

[0023] The output of the voltage control circuit can be connected to a 
control input of the control device of the matrix converter, with a control valuable 
being applied in normal mode for adjusting the reactive current on the input side 
of the matrix converter. The resistor unit can be simplified considerably by using 
the control variable input for the input-side reactive current of the controller of the 
matrix converter. No additional turn-off semiconductor switches are required. 

BRIEF DESCRIPTION OF THE DRAWING 

[0024] Other features and advantages of the present invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the invention with reference to the 
accompanying drawing, in which several embodiments of a device for carrying 
out the method of the invention are shown schematically for shutting down a 
drive with a matrix converter during a power outage, wherein: 

[0025] FIG. 1 is a block circuit diagram of a matrix converter with a 

resistor unit in accordance with the present invention; 

[0026] FIG. 2 is a circuit diagram of a first embodiment of the 
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resistor unit of FIG. 1; 

[0027] FIG. 3 is a circuit diagram of a second embodiment of the 

resistor unit of FIG. 1; 

[0028] FIG, 4 is a circuit diagram of a third embodiment of the 

resistor unit of FIG. 1 ; 

[0029] FIG. 5 is a functional block diagram of a first variation of a 

closed-loop control process of a matrix converter with a resistor unit; 

[0030] FIG. 6 is a functional block diagram of a second variation of 

a closed-loop control process of a matrix converter with a resistor unit; 

[0031] FIG. 7 is a circuit diagram of fourth embodiment of the 

resistor unit of FIG. 1 ; and 

[0032] FIG. 8 shows a functional block diagram of a closed-loop 

control process of a matrix converter with the resistor unit of FIG. 7. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0033] Throughout all the Figures, same or corresponding elements are 
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generally indicated by same reference numerals. These depicted embodiments 
are to be understood as illustrative of the invention and not as limiting in any way. 
It should also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
which render other details difficult to perceive may have been omitted. 

[0034] This is one of two applications both filed on the same day. Both 
applications deal with related inventions. They are commonly owned but have a 
different inventive entity. Both applications are unique, but incorporate the other 
by reference. Accordingly, the following US. patent application is hereby 
expressly incorporated by reference: "Method and Device for Bridging Brief 
Power Outages in a Matrix Converter". 

[0035] Turning now to the drawing, and in particular to FIG. 1, there is 
shown a matrix converter 2, an associated controller 4, a commutation capacitor 
circuit 6 f a choke circuit 8, a switching unit 10, a power supply 12, a resistor 
unit 14 and a driven motor 16. The output of the matrix converter 2 is connected 
to terminals of the motor 16, while the input of the matrix converter 2 is 
connected with the commutation capacitor circuit 6. The commutation capacitor 
circuit 6 includes three commutation capacitors C1, C2 and C3 which are 
connected in a Delta configuration. The commutation capacitors C1, C2 and C3 
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can also be connected in a Star configuration. The choke circuit 8 is connected 
before the commutation capacitor circuit 6, whereby the input of the choke 
circuit 8 can be connected to the power supply 12 via the switching unit 10. The 
choke circuit 8 has three inductances L1, L2 and L3, with each inductance being 
located in a corresponding power line. The switching unit 10 has three 
switches S1, S2 and S3 which can be used to disconnect the power lines 
between the power supply 12 and the choke circuit 8. The input of the resistor 
unit 14 is connected with the outputs of the switching unit 10, whereas the output 
of the resistor unit 14 is connected with the inputs of the choke circuit 8. The 
resistor unit 14 can also be connected between the choke circuit 8 and the 
commutation capacitor circuit 6. Embodiments of the resistor unit 14 are 
illustrated in FIGS. 2 to 4 and 7, wherein the controller 4 must be capable of 
controlling the input-side reactive current of the matrix converter 2 when 
employing the resistor unit 14 according to the embodiment of FIG. 7. 

[0036] The controller 4 of the matrix converter 2 is supplied with at least 

two measured power line phase voltages u N 2 and u N 3- In addition, the measured 

phase voltage Uni can also be supplied. Also supplied to the controller 4 are the 

capacitor voltages u C i, u C 2 and u C 3- A measured actual rotation speed value tv,<z.o% 

n me ss and a predetermined ftemtsal-rotation speed value n* are applied to two 

additional inputs. The output-side of the controller 4 is connected by control lines 

to the control inputs of the matrix converter 2, as well as with the resistor unit 8 

and the switching unit 10. The capacitor voltages u C i, Uc2 and u C 3 are measured 
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at the input terminals of the matrix converter 2 and hence represent the input 
voltages of the matrix converter 2. The combination of the choke circuit 8 and 
the commutation capacitor circuit 6 forms a power line filter. The controller 4 can 
also be supplied with measured power line currents im, iN2 and i N 3 which are 
required for controlling the input-side reactive currents. The associated signal 
lines for this option are indicated by corresponding broken lines. 

[0037] In normal mode, indicated by the letter M N", the switches S1, S2 
and S3 of the switching unit 10 are closed, i.e., these switches S1, S2 and S3 are 
switched to the position N. The switches S1, S2 and S3 are implemented as fast 
switches, so that the matrix converter can be immediately disconnected from the 
power supply 12 in the event of a power outage. Fast switches S1, S2 and S3 
can be implemented, for example, as semiconductor switches. The matrix 
converter can continue to operate without noticeable interruption when 
disconnected rapidly together with the input-side commutation capacitor circuit 6. 

A measured actual capacitor voltage space vector w CmrjJ shortly before a power 

outage then corresponds to a measured actual capacitor voltage space vector 

u Cmt , w shortly after the disconnection. In other words, in conjunction with the fast 

switches S1, S2 and S3 the actual input voltage space vector u Cmess shortly after 
the disconnection has changed only insignificantly relative to an actual input 
voltage space vector u Cmcss anytime shortly before the disconnection. The actual 
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input voltage space vector u Cnmi is the power line voltage space vector u )Kl ^ m4tsI 
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with the ramms/ amplitude u Ne nn- 



[0038] FIG. 2 shows a first embodiment of the resistor unit 14 of FIG. 1. 
The resistor unit 14 includes a turn-off semiconductor switch 20 and a resistor 22 
connected in a series connection 18. The control input of the turn-off 
semiconductor switch 20 is connected with a control input 24 of the resistor 
unit 14. The terminals of the series connection 18, also referred to as pulsed 
resistor, are connected via corresponding diodes D1, D2, D3 and D1\ D2\ D3\ 
respectively, with corresponding phase conductors, whereby each phase 
conductor connects a respective input 26, 28 and 30 of the resistor unit 14 with a 
corresponding output 32, 34 and 36 of the resistor unit 14. By connecting the 
pulsed resistor 18 with the phase conductors, a controllable AC voltage with the 
power line frequency is applied to the resistor 22 in braking mode B. The 
instantaneous braking power of the motor is dissipated during the braking mode 
across the single resistor 22. The corresponding resistor current is also 
conducted j^M^by fae-of the turn-off semiconductor switch^ 20. Jj? A 

[0039] FIG. 3 shows a three-phase resistor unit 14 which, unlike the 

resistor unit 14 of FIG. 2, has three resistors 22i, 22 2 and 22 3 instead of the 
single resistor 22. In addition, two turn-off semiconductor switches 20i and 20 2 
are provided, which are connected with the DC terminals of corresponding diode 
bridges 38 and 40. The diode bridges 38 and/or 40 each include four diodes, 
whereby a first AC side terminal is connected with a terminal of a resistor 22 3 , 
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22 2 and a second AC side terminal is connected with a terminal of the 
resistor 22i. Accordingly, the resistors 22n 22 2 and 22 3 are connected in a Star 
configuration, with the applied voltage distributed across two resistors 22 1f 22 2 
or22 3 . It should be noted that power is not always dissipated in the individual 
resistors during one power line period. 

[0040] FIG, 4 shows an additional three-phase embodiment of the resistor 

unit 14 which, unlike the three-phase embodiment of FIG. 3, uses only three 
diodes D1, D2, D3 and D1\ D2\ D3\ respectively, instead of the diode bridges 38 
and 40. The resistor unit 14 depicted in FIG. 4 has a lesser number of 
components than the resistor unit 14 of FIG. 3. 

[0041] The two embodiments of the resistor unit 14 according to FIGS. 3 
and 4 advantageously eliminate low frequency harmonics, such as the fifth and 
seventh harmonic. The controller 4 then operates more smoothly, since the 
sinusoidal voltage across the resistor unit 14 has less distortion due to the 
absence of higher harmonics. 

[0042] FIG. 5 shows the functional block diagram of the controller 4 
according to FIG. 1. The controller 4 includes a regulator 42 and a controller 44. 
A rotation speed control circuit 46 which supplies to the regulator 42 a nom i n al 
torque value nrT is connected upstream of the regulator 42. The rotation speed 
control circuit 46 consist of a rotation speed controller 48 and a comparator 50 
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which compares the measured actual rotation speed value n me ss with a 
predetermined - aommal rotation speed value n*. The controller 4 also includes a 



device 52 for measuring an actual power line space vector u neixl , te „ 
52 for measuring the actual power line space vector u 



The device 



neUmcxx includes a coordinate 



transformer 54, with an additional coordinate transformer 56 connected 
downstream of the coordinate transformer 54. At least two measured values u N 2, 
u N3 are supplied to the inputs of the coordinate transformer 54 of device 52, 
Alternatively, all three measured power line phase voltages u N t, u N 2. u N 3 can be 
supplied to the input-side coordinate transformer 54 which transforms a three- 
phase system into an orthogonal two-phase system. The orthogonal 
components Uu a and u N p of an actual power line space vector Z mtxmM that rotates 

with the power line frequency fN are present at the two outputs of the coordinate 
transformer 54. The additional coordinate transformer 56 connected downstream 
converts the rotating orthogonal components u Na and u N (j of the actual power line 
space vector u ne/xmcsj into polar components u ne tzmess and phase anglej^eteOf the 
actual power line space vector u neamess . jfr&Al ol 



[0043] A power line voltage monitoring device 58 is connected 
downstream of the device 52 for determining a power outage. The amplitude 
output of the device 52 for measuring an actual power line voltage space vector 
u w(XMeM is connected with the input of the power line voltage monitoring device 
58. The power line voltage monitoring device 58 includes a proportional-integral 
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(PI) controller 60, a comparator 62 and an adder 64 for determining if the 
amplitude u nQtz mess of the actual power line voltage space vector S mum9M falls 
below a predetermined lower tolerance limit. For this purpose, the amplitude 
deviation Au ne u is determined and supplied to a sequence controller 66. If the 
measured amplitude deviation Au ne tz exceeds a predetermined value, then the 
sequence controller 66 switches from normal mode N to braking mode B. Based 
on a positive determination, the braking mode B is initiated by an output signal of 
the sequence controller 66. In other words, the switch 68 is switched over to the 
position B and all controllers identified with B are enabled. 

[0044] The controllers identified with B only include a controller 70 of a 
voltage control circuit 72. The voltage control circuit 72 includes in addition to the 
controller 70 a comparator 74, whereby the amplitude u c of the measured actual 
capacity voltage space vector S Cmmu is applied to the inverting input and the 
amplitude value of the determined actual power line voltage space vector u ne tz 



imeas/ls applied to the non-inverting input of the comparator 74. 
[0045] The controller 4 also includes a device 78 for measuring an actual 



capacitfvp voltage space vector n CmcvK , which is determined by the device 78 from 

the measured capactyvf voltages u C 2 and uc3,^bcT u C i, uc2 and u C 3, respectively, / ^ 

jC as a funct i on of t ine phase a ng le y £ For this purpose, the device 78 includes a J (D-d 
coordinate transformer 80 and a vector rotator 82 connected downstream of the 
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coordinate converter 80. The coordinate transformer 80 generates from the 
P measured capacij&£ voltages u C i, u C 2 and u C z two orthogonal rotating voltage 
/ components u c « and u cp which are converted to two stationeryj^eiaT voltage £ ' /?. & I 
I components that depend on the phase angle y c of the measured rotating actual 
\ capacitiW voltage space vector u Cmtx ,. The pc4a^ component ^amplitude is 
' I smoothed by a smoothing filter 84. The^potefr component-^ hooo ang le is also 
/ -fituuullieU Uy a Vector phase 7 control circuit 86, which includes a controller 88, an _ 
/ integrator 90 and an adde792? v Aiso supplied to the adder 92 is a nominal value 
I fNenn of the power line frequency f N for changing the phase angle yc (rotating 

vector). The smoothed polar components u c and y c of the actual ^ut voltage^ ft'.rr.of 
space vector M rm , t .,are supplied to the controller 44 which computes therefrom 
control signals S v for the matrix converter 2. 



[0046] A ramp generator 94 is connected downstream of the switch 68, 
with the output of the ramp generator 94 being connected to an inverting input of 
the comparator 50 of the rotation speed control circuit 49. A nominal rotation / Jy 
speed value n** and a predetermined ifemin^f rotation speed value n** = 0 are J 
applied to the two inputs of the switch 68. In normal mode identified by a letter 
N, the xJOfmrtaTrotation speed value n** is applied to the ramp generator 94 
which generates at its output a controlled jjomihai rotation speed value n" which / 
is continuously increased from zero to a predetermined value. In braking mode [f 
identified by the letter B, the predetermined nc^Tiioaffotation speed value n"* is I 
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supplied to the input of the ramp generator 94, which causes the controlled 
nojpinaf rotation speed value n* to be continuously decreased from a 
predetermined value to zero. The switch 68 is controlled by the logic circuit 66. 
The logic circuit 66 enables the controller 70 of the voltage control circuit 72 after 
a power outage has been detected. An output signal of the comparator 74 is 
supplied to the input of the controller TO.MuG h io ident i cal t o Hrc ampHtndg or the ' 
nr^aflHrftrf-stf» ti mi eapacttft/e^/oltage v ect or. " U JJ „, h "t th° "pp^T it " 

H^stefrty^A signal Spw is present at the output of the controller 70 which is then 
supplied to the control input 24 of the resistor unit 14. The control signal Spw 
controls the turn-off semiconductor switch 20 of the resistor unit 14 so that the 
average voltage across the resistor 22 and hence the power dissipated in the 
resistor 22 corresponds to the instantaneous braking power of the motor 16. In 
other words, the amplitude of the measured actual capacity voltage space 
vector u c>w . tt in braking mode B is controlled by the pulsed resistor 18. The drive 

is switched off when the motor 16 is stopped, i.e. when the measured actual 
rotation speed value n mess is equal to zero. 



[0047] FIG. 6, split into FIGS. 6A and 6B for sake of clarity, shows a 
detailed functional block diagram of a second controller 4 of the matrix 
converter 2. Unlike the functional block diagram of FIG. 5, the functional block 
diagram of FIG. 6 has in addition a device 96 for measuring an actual power line 

current space vector T mftimtja , a reactive current control circuit 98, a second switch 
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100 and a phase angle control circuit 102. This control device 4 can only be 
implemented by providing the control unit 44 with a control input for the controlled 
variable "power factor" in addition to the control variable inputs "amplitude" and 
"phase angle". The output of the second switch 100 is connected to the control 
input "power factor". The input of the switch 1 00 is connected to the output of the 
phase control circuit 102, whereby the other input of the switch 100 is connected 
to the output of the reactive current control circuit 98, which is connected with a 
reactive current output of the device 96 for measuring an actual power line 

current space vector l mamM . 

[0048] The input of the device 96 for measuring an actual power line 
current space vector i„ eanuJS includes a coordinate transformer 104 connected 
with a downstream vector rotator 106. The coordinate transformer 104 
generates from the applied measured power line phase currents i N1 , i N2 and i N 3 
two orthogonal components i Na and i Np . 

[0049] In order to prevent variations of the actual power line voltage space 
vector f rorn affecting the projection of the actual power line current space 

vector i netzmtt!!! , , the phase angle Ynetz of the actual power line voltage space vector 
"nearness is smoothed in a second vector control circuit 108, which also includes a 
controller 110, an integrator 112 and an adder 114. The nominal value f Nen n of 
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the power line frequency f N is applied to the input of the adder 114. The phase 
angle output of the vector control circuit 108 for smoothing a phase angle yr» e tz of 
an actual power line voltage space vector u mmm9n is associated with an angle 
control input of the device 96 for measuring an actual power line current space 
vector ~i nctzmex5 . 

[0050] Using the polar component phase angle y ne tz of the actual power 
line voltage space vector u n€txmess and the vector rotator 106 of the device 96 for 



measuring an actual power line current space vector i netzmesst the two rotating 
orthogonal current components Ino and iNp are transformed into two stationary 
current components i w and i^ of a coordinate system that rotates with the rotating 

power line current actual^spac^ vector^, c£rmw . I.e., the actual power line current \ W [ ' } 

space vector i n€tzmes3 is projected onto the actual power line voltage space vector 

UfKtxmess^ Thejw6^urrent component i w represents a component in the direction t & (I 0 3 

of the actual power line voltage space vector u^ fess , whereas i^ represents a 

component perpendicular to the direction of the actual power line voltage space 

vector u ndLtmcxx . The component iw is also referred to as effective current, 

whereas the component i> t is referred to as reactive current. The measured 

reactive current i M of the actual power line current space vector i ne/zmcs3 is 

controlled in the downstream reactive current control circuit 98 to a 
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predetermined npmtrlSl reactive current value iV The reactive current control / 
circuit 98 includes a controller 116 and a comparator 118. A nc*mftal reactive) 
current value l*„ is applied to the inverting input of the comparator 118. 1 



[0051] The phase angle control circuit 102 includes a controller 120 and a 
summing location 121. The summing location 121 is used to add a pre-control 
parameter for reducing the load on the controller 120. The output side of the 

SkTc^o \ *c& C s^t^ g>cu\ e<-^4~ 

summing location 121 is connected to an input of the switch 100. A- phase a ngle 

amd ,-dcifatt 

— V— ' 

<yc-of -ar measured actual capacity voltage space vector u Cmt!a is applied to the 
input of the phase angle control circuit 102. 



[0052] The controller 4 of the matrix converter 2 is not different from the 
controller 4 of FIG. 5 with respect to the method for shutting down a drive during 
a power outage. The only difference is that the matrix converter 2 with the 
controller 4 of FIG. 6 can also regulate the input-side reactive current i M . 
However, controlling the reactive current has no effect on the process for shutting 
down a drive during a power outage. In both cases, the average voltage of the 
resistor unit 14 is controlled by the control signal Spw generated by the voltage 
control circuit 72 so that the power dissipated in the resistor unit 14 corresponds 
to the instantaneous braking power of the motor 16, with the jjomifial rotation 
speed value n* being ramped down to zero. 
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[0053] FIG. 7 shows another embodiment of the resistor unit 14 in detail. 

The resistor unit 14 has a resistor 22 which is switched by contactor 122 between 
two input phases of the matrix converter 2. The resistor 22 of the resistor unit 14 
is not pulsed, but is added after a power outage to assist in braking mode B. As 
a result, the voltage drop across the resistor 22 represents a DC voltage and not 
an AC voltage, so that the input voltage of the matrix converter 2, i.e., the actual 

(Or 

capacity voltage space vector u CmMM in braking mode B does not have the 

power line frequency. When using this type of resistor unit 14, a modified 
controller 4 with the functional block diagram depicted in FIG, 8 must be 
employed. 

[0054] FIG. 8 shows a functional block diagram of an advantageous 
controller 4 of the matrix converter 2 with the resistor unit 14 depicted in FIG, 7. 
Unlike the unit depicted in the functional block diagram of FIG. 5, the controller 4 
of FIG. 8 uses a controller 44 with a power factor control input in addition to an 
amplitude and phase angle control input. The output of the voltage control 
circuit 72, to which the control signal Spw is applied, is no longer connected with 
the control input 24 of the resistor unit 14, but rather with a first input of a second 
switch 100. A predetermined value cosO n0 rmai is applied to the second input of 
the switch 100 as a power factor control value, which in normal mode N is 
supplied to a power factor control input of the controller 44. In addition, an input 
of the adder 92 of the vector phase control circuit 86 is connected with an output 
of a third switch 124, with a predetermined frequency value f br ems and f Nenn for the 
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braking mode B and the normal mode N, respectively, being applied to the two 
inputs of the third switch 124. The sequence controller 66 also generates a 
signal S S w for the contactor 122 of the resistor unit 14 of FIG, 7. In the event of a 
power outage, the contactor 122 is closed by applying the control signal S$w, so 
that the resistor 22 is connected between two input phase lines of the matrix 
converter 2. 

[0055] Since the resistor 22 of the resistor unit 14 is not pulsed by a turn- 
- off semiconductor switch 20, the output voltage of the matrix converter 2, i.e. the 
actual capacitive voltage space vector u Cmttss during braking mode B is a DC 
voltage and does not have the power line frequency. In other words, the actual 
capacitor voltage space vector u Cmcxjs does not rotate with the power line 
frequency cJ^, but has a constant phase angle. 

[0056] The voltage drop across the resistor 22 is adjusted via the phase 
angle of the actual capacitor voltage space vector u Cm€jts . If the actual capacitor 

voltage space vector u Cfhdxs is adjusted so that the phase-to-phase voltage of the 

two phases, between which the resistor 22 is connected, is equal to zero, then 
the voltage across the resistor 22 is also zero, and the resistor 22 does not 
dissipate power. The magnitude of the actual capacitor voltage space 
vector w CWvv then corresponds to the value of the phase voltage of the third 
phase line. If the magnitude of the actual capacitor voltage space vector S CMUjt is 
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adjusted so that the value of the phase voltage of the third baseline is zero, then 
the value of the phase-to-voltage of the two other phases is a maximum, so that 
the resistor 22 dissipates maximum power. The phase angle of the actual 
capacitor voltage space vector u Cmta> which in this case has an equivalent DC 
value, can be changed so as to vary continuously between these two end states. 
The actual capacitor voltage space vector u Cm(aj is rotated via the output value of 
the voltage control circuit 72 which in braking mode B is applied at the power 
factor control input of the control unit 44. The control input affects the input-side 
reactive current^a, of the matrix converter 2 and therefore the rotation of the 
actual capacitor voltage space vector u Cmss . in braking mode B, the npmmST 

rotation speed value n* is simultaneously ramped to zero. The drive is switched 
off when the motor 16 stops. 

[0057] Since the resistor unit 14 has only a single add-on resistor 22 and 
the controller 4 of a conventional matrix converter 2 requires only minor 
modifications, the latter embodiment represents a preferred embodiment for 
shutting down a drive with a matrix converter 2 during a power outage. 

[0058] With the method of the invention, drives connected to a matrix 
converter 2 can be safely shut down during a power outage which has until now 
been impossible. Accordingly, a matrix converter employing the method of the 
invention and a resistor unit 14 is equivalent to a voltage intermediate circuit 
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converter with a pulsed resistor. 



[0059] While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and described in detail, 
it is not intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 

[0060] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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